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mm&] mmm 

6 2 5 >^S#> ^XtM >J^£>7^ y^g^3*l 

[ff^3l5] 1 4 6&<Z)ff^7^ y^^-feU >££JiA'J >T'feU, 2 56 

[ft ^ 8 ] @2#I#-^ : 2tCfB«tf>7^ ^ ielB^JfC^T, TIB ( 1 ) ~ ( 1 

(1) 6 14 6fi, £J:t>*2 5 6&©^*5M >^#^ { ci2 y >fce#| 

(2) 6&<£>$/*tM 2 5 6&(Z)^5M>^»#-tzy 
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> fc -e n ^nm& a ti £. r s y sftga^j, 

jc -e *i ^ 2 n fc r s y s&bb#[, 

(6) 14 6ffi©*/^f>f>Si* { u , j >tcs^3;n£y i= 

(7) 2 5 6ffi(DS/^-r'-f U > JC*gl£ tife 7 S 7 Bftffl#K 

(8) 14 6 2 5 6 ffi <Z> 2/ * >f U >iCg^3*l£7 

(9) 2 5 6^(D2/^^-f >^W'J >fC«^£*lfe7S 

(10) 14 6^<Z)^X^-r >J8S#1Z U 2 5 6&©*/*-r>f 

(11) 6&<Di/XTJy&&&T^=->lZ* 2 5 6&©2/*7->f >3ggjBW 

u >tc 2 56fi0^f^ >^s^^'j >ic^*i-e*iatsi s infers y 

(13) 6fifeJ:tf 1 4 6&©S/^f>f ^S^T^-^IC, 2 5 6fi©^^ 

Cft*^i 1] HJCit^Mtfcn- KfSDNAjb^ffAStifcft^l 0 fcfa 

[H*^ 1 2 3 3g^#3&##^>f ^nv>f "ft* 7l^fa7'J (Kluyberom 
yces aestuarii) fCfi5fct-£#;b^-;i/35t;@£igT*&£ii;£^ 1 1 iCfB*©'** 
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m&mi 5] m#mi 3izmm<Dmnm^^mm-r^>ji^^tj, m& 

[§M18] TfBtf) (a) (c) 4x^£:M;M/3-x.n^>y 

(b) m&mi 0 izmm<Dmnt$&Mfo. 

(c) (b) izmm(Dmn&Wkft<D%imm 

(1) m#mi 8izmM<Djjmz£^xmKM(3--=i^yT^ ftt-*-^* 

(2) Ig (1) ©il^/S -I3f>7 ^ KTr->^^^ L/^"^ h\ ^ffcM 
l!!£j&#l£{IlilX-<f-£X@ 

(S) -4 -y\n- 3 - t Kn^Pi/Six^r;i/T'S5fM2 0 {CfB«tf>:£i£ 

o 
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[0 0 0 1 ] 

^i^Mit. V^f nAP'r U ^ A Ay #X (Mycobacterium vaccae) ffi5fc3fgg 
S^--3f>7^ K5?2* K (NAD+) *^M^M)3-zin^->T^ 

[0 0 0 2] 

[t»©&ffi] 

rtymm&zw^mzm^tt&mrtm mmme 1-U6191, nm^6 

- 2 0 9 7 8 2f) tftBibtlX^^fc. LfrU ®^WtC^CDig^^.&^-r-S 

yt^m^ (s).-4-AD-3-tFn^i/§iixfMt mm&te£<D*mmzm 

[0 0 0 3] 

4-AD7t hlfix^r;!/^?) (S) -4-AD-3-H Kn^r^Six^f 
SPiii £ IT^^-f^nv-ftX- 7lXfa7'J (Kluyveromyces 
aestuarii) Jl^-^mfbBm (#^2000-236883) tlT £ U , Z 

<DBmiz£Z> (S) -4-;\n-3-t Fo^pi/t Fn^i/Six^fibO^W 

, mmmkLLxitmMmM<DM7iimf3-=.n*yT$ ks?** u*?- k(nadh)& 
n-fe^s«ssi-r*fe«>jctt, ffii«ie--^f>7^ k^*? k(na 
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D+)£NADH&cM7t;-t£;5fSlc<}:oT, MBM &tt U M 3 h t>mmh ft 

[0 0 0 4] 

Mlt^J (Methods in Enzymology 136,9-21, 1987) n - %%7kmWM 

(#^2000-236883) L tWtfm^ 2 tlT ^ 3 „ 

[0 0 0 5] 

pHffi, ms, mttmwHD'i *y *ym* m&m 

* 1 1 - 2 2 5 7 8 4 ) 0 Z.(Dtz.m. JKTJC^tf fe^ag^tC <fc *J gc 

[0 0 0 6] 

f-f i/a37 (Tishkov) Pj^, S/ a. — K ^ (Pseudomonas) sp.101 
®^lftBl*lll»3gS:apfi^#Mftr3EMtcJt 2 5 6 6© > Sr-fe U 

(Biochem. Biophys. Res. Commun. 192, 4480-4485, 1993) . |WJ £ 
<13 1ffi, 16 0fi, 16 86, 18 46, 2 2 8fifflt'J y^Y^—y^A 

(FEBS Letters 445, 183-188, 1999) „ 
[0 0 0 7] 

XJl-tfJltPl? (Slusarczyk) £ ft, 3fvyrJ# tfj*J — 4-frb<D 

JrmmTkmmmzsmftmmmmz&v. 2 3 6©^*^ >&-feu>c, 26 
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(Eur. J. Biochem. 267, 1280-1289, 2000) „ 
[0 0 0 8] 

[0 0 0 9] 

2M8U!«\ z<D£otewuizmfrxteznfc : b<Dx$>v, ^(dbwiz, nmm 
MdE^n^hf^^mitmmnf3^m^m^m^m^^mmz^^x%m^ 

[0 0 10] 

a^-t-u^a A^^^m^m^mmm (ie#j##: 2) ©uee©^ 

[001 1 ] 
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[0 0 12] 
[0013] 

[0014] 

[2] i 4 6 &©iir ^ ; >j > * ttt/t u cio fctB^os 

eft, 

[4] BB#I## : 2 iCfH^COT^ /^SB^JJCfcV^, '>^<t%14 6fifeJ: 
(5) 1 4 6 &©Si7 ^ ; i^t >; > i t A' U ^ 2 5 6Mi 
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o 

[7] 6Mir^;i^ -tu>, r^->, ££&Ay x^-rti^© 

C8] fB#I## : 2 ICfS^^T^ 7MB#J&C;i3V^ TIB (1) ~ (13) h 

& •& a*** mm 3 ti £ v a ? a* © mm z m -t & r ^ ; mun & e> & s g e n= 

> ^- ti ^ nsm £ n £ r ^ j mm&u 

(6) i 4 6fi©^f^>OTf; >tcg#i£*i£y ^ jmmpl 

(7) 25 6^©i/x^-r u >{cg^sti^r^ yM^fj, 

(8) 14 6&£J:tf2 5 6 &<Dis TstJ ygkmtf&K-t V >(C«#|£tl£7 

(9) 2 5 6fi©i/^f^>^A'J >(Cfi$tlfc75 v>MH?(I, 

(10) 1 4 6&<7)S/*tM U >JC 2 5 6&0i/Xf-f>W 

u > tc ti ? tigm s ti r ^ y aftffl#u 

(12) 6&®^^f>f>S1^77->(:, 14 6fiOi/^f^f>»t 
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(13) 6{£;l3J:t>*l 4 6&<£>^XtM >j|I^77- >tC, 2 5 6fi0i/7 

[9] (1] [8] iCfH«©^eg$:=3- K1-3DNA 0 

CIO] C9] &CSB«®DNA#ffA£*l£^#- = 

Cl 1] ^.IZMrt&mZn- K1-^DNA^#A$4X^: C 1 0] iCMtf)^ # 

o 

Cl2] l7tiiy!!^7'f'<n7^tX 7i^fa7'J (Kluyberomyces aes 
tuarii) ICfi^-rS^^^-^MTC^T'feS [11] CfB«©^^^- 0 

ci 3] cio] izmmoK* * -Bsts^im 

C14] ?IX;iM7W£^T*&£ [13] (CMa«©^S«^c 

C15] C13] CSB«©^«ira#;£ig«t-£X®£itfr, Cl] C 

8] &cia*g©®asc&§g}g-r£:£&,, 

ci 6] ci i] \zmm<DKt * - zMm.&mfoitmm^ zjinit'e; 

tf, Cl] C8] fcfa*gc£>9lEm £<fctfM^Mi£§^ir£#}£ 0 

C17] I^ii^, ^7^^n?-ftX Tx^faT'Jfl^^-iH 

Cl 8] rm<D (a) j^p, (c) (m^4xfr£M;§?£-^n^>y i« K7r 
I/**- KJCSttSiirSXjgSr^'D, >7^ F7r- 

(a) Cl] SfcW: [8] .JCiH«©SaH, 

(b) cio] K.&ma>m9tmmfc 

(c) (b) iz.mm,<Dmw$zmfo<D#imm 

o 

(1) [is] iz$m<Diimz&^xm7zm(3--^?->T$ FTr-ypz? 

(2) IDIS ( 1 ) £>3t^M/3--=i^->7i= F7f->^'5^ L/^-^ K, MM 
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(20) i«S^h>T^'J, ^®<DM^M£/&WT;i/n-;i/T*& 
5 (19) {CfB«©^^o 

[2i] >r -/Nor-fe hSt^x^^-^T'feu, r;^-;^ (S) - 
C2 2) isw^7^^n7^t^ ri^far u S5f?^;i/^-;b)l7T: 

HitT*&& C 1 9 ) *CfB*gCD#&o 
(23) M^SIIttf,. (16) fc fe«(E># j£fc J:oT§^£*l£fe©T*&£ ( 
19) tcfB«©^^ 0 
[0 0 15] 

##§HJ!te:> V-fn/^r'J^A Ay;2jX (Mycobacterium vaccae) ftjR(Z)^r 
[0 0 16] 

ycobacterium vaccae) ft^fctf) =¥^S^7K^^^ (@H^'J## : 2) JC^T, 4>& 

(^t, n 4 6^m#:j h^-rs) t*&& 0 1 4 e&on&r^ 
x^-r ymmtfi/*T4yiM\>(DT jm^w&znfe&ov&niz. 1 4 6& 

, ^n^m^©^M^^^^tl^> 0 1 4 6^Mfls{C^{-t^^M"t-2>r ^ jmmt 
, ilS, 50T ^ JMVAftT*& »J, L<«30T^ ;TOtfe'J, £<b&C#£ 

[0 0 17] 
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#20 01 — 2 54 63 1 



5 ygftfB#uc;i3tt5, @B#I## : 2tc^^T. *J>&< £fc l 4 6&J3J:tf/3:& 
li2 5 6&&c*i|si&&Stc&£ ^x^M >&flfi<z>y V7Ifc@B#Iic:iBSlUT, 

^ jmrnrnz^x. 1 4 6#a3<fctf/3:fc«:2.5 6mc*gi?!i&tfm<z)y^ y^p 
■r >f > M a© y ^ y Bftffl#l £.&mts -fr s r £ «fc o t w s> *mc -r 5 3 £ g 5 

[0018] 

14 6^M£M±, #f*L<&, 7>f37t^f!Jf A A'-v^X (Mycobacterium 
vaccae) ft3R©^fKflft*^»lg (@H^rj## : 2) tMLt, ^«i&&#£T 

*^ & SSSIfStt L frfS & 3 3 £ # T* £ & v ^ 

;i/©#STt2 5°c2 o^ra«#«tc, &&9 o%j^±(2^i^tt£3«LT^ 
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, yp#^£TtcfeWS?Sffi©i o 0%J^±, $?;£L<tel 0 5%j^_h, Mxlii o 
0-2 5 0%©?S'f4S:^t-r ii £we>„ * fe^«SISK©#^ET i: li, *ffitS«SEtc 
MLT^aSS«E3^ 1 *m±* f~£Z.lZ5~5 0 0 ^^65(Cli5~5 0 
, J: y^WtCttl 0-30 *iM©^«&«##£*S;ifc&^-5. 
[0 0 19] 

hitlftx^-;!/, 4-^nn7t bit^^^;i/^cD4 -y\n - 3 - 

[0 0 2 0] 

o U >Bft#L> (pH 7.0, lOOmM) , NAD+ 2.5mM, ^rith'J^A 100m 

M &£&&&&'gti&.f&WLtp 25°CT*M£S31±, NADH(Z)i§^n{C iltj^O 340nm(D 
®.ybm<DmtiUltWfe'fZ> a 1U tt, l^raiCl/imol©NADH(D^D$:M^-r*M* 

[0 0 2 1] 

#38BJ!<2^lltt©fficD£?;i; Lv^^i, 7>f3/^f'Jfi* A>y*x (Mycob 
acterium vaccae) fi3fe<Z>^Bftfltt7K3fl»3S (S2?'J## : 2) tCfcV^T, 2 5 6& 
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5 G&CDi/XTJy&Sifii/XT-Jy&ifttDTZ Jm^M&Zftfc%<D'V%>tU£ 

2 5 6^M£M£, #?£L<te:, V>T /ly^x: (Mycobacterium 

vaccae) ffi3fc(£^«7Kit@§^| (S53«# : 2) fcJfclRLT, ^«&«JC*fL 

-r;b> 4 - ^"n^Tt hfixf ;bx^r;k 4-3 - KiS^^^;^;*-^;^ 
h@f^*^;b, hBf^^PtOi/^tf^ -^p- 3 

-t^yiixxfii/E ^nn?th7i;>, T'a^rt h :7x y 

i E- l 2-7o^V 3-;\n - 1 -yjL—jv- 2 --fun 

[0 0 2 2] 

"J^iA'J^Aifl (pH 7.0, 100mM) , 4 -?PP7i2 hH^X^;i/ 20mM 
> ^Bftffit7K^»^S:^tfiK/S?R* 25°C, 20###«L NAD+ £ 2.5mM, h 
U^Afc 100mMtCfc& J^fCfltl;*., 25°C £ it, NADH0>if#JHC £ 

mm (ph 7.0; loomM) , ^m&t&m&mz'SttBLi&mtp 25°c, 2o#«#ifc, na 

D+£ 2.5mM, ^Sfc-^- h U ^A&lOOmM, 4 - # p p y-fc h £20mMtC& 
^^^ICJDX., M/SS^ 2510 7?^^ 3 NADH©if*D(C £ & & ? 340nm©l»3fc£ 
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[0 0 2 3] 

*ftm<D&&#<?>2 <b v^mmz. t^ha^t^a cm 

ycobacterium vaccae) &&<D*fWtti!IMlM&M (SB#I## : 2) ICfcV^T, '±IB 
1 4 6 &£<fct>*2 5 e&^ffiS/;*^ >3BS##lC$/;*T->f >J^©T^ 7 K'v 
«l£S*lfc£M&<J>fc< £%-£"tf J:e>&^M# (J^T, r 1 4 6 - 2 5 6^M# 
J V2bZ>o 14 6ffi©i«7^;»li, #£L<te, -fell>*fet±A 

u>t*&u, 2 5 6^cz)smr ^ ;iit #£L<«:, tt- 

ItAV y~£$)Z> 0 1 4 6^^j:t>*2 5 6&(Z)MS/XtM >JSIS*«^JC > 
JKfl><Z)7S /Sft^SffeSflfcfcaT&tUi,' 1 4 <fc£>*2 5 6&JSM*©7S 

l 4 6 - 2 5 6tlftii, $?£b<«:, 7^n;^fy?A Ay#X (Mycob 
acterium vaccae) (@B?!J#-^ : 2) £ifc$*LT, 

[0 0 2 4] 

>T*&3 0 StlEJWfctt, #*L<tt, V'f^i'f'JfA /W#x (Mycobacte 
rium vaccae) ^M*itM§ (fB#J#-J§- :' 2) £:Jfc#LT,. 

[0 0 2 5] 

#58 © # * U V n 0) JI#M £ T IC B 1" . 

(a) IH3?'J#-^ : 2 tC|B«Lfc73 ^ MB#HC£^T, 14 6^0i/Xf^f>^ 

(b) fB#|## : 2lCgH«bfc7^ yi&BBflUCfc^T, 2 5 6 >3§ 
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(c) IB3«# : 2JCfB«gL£T ^ J Mmmz.&^T, 2 5 6fi0i/XN>JS 

(d) BB#I## : 2tCfB«Lfe7^ yKBB^IJCfeVAT 1 4 6 S/^f>f 

(e) SB^TJ## : 2 •JC|S*Ufer SVMBTUJCfc^T 1 4 6 >8S 
U >{C, 2 5 >^«^T^x>{Cffm$tlT V>^>V-f art* 

■ (f) !B^J#-f- : 2 (CfEigLfeT ^ >M3#RC;i3V^ 1 4 

U>fC, 1 4 6GfcfiDS/*-r>f >35£#1Z U >fC 2 5 6fi©i/^r^>^i^t 
•5X>(C, 2 5 6g©J/Xf'f >3B3S#-fe U >fCBg|2*lTV^V-f 3A^f'J 

A Ay #xffi5fcca^M*i^i!t<D^M# 
(j) BB#I## : 2JC|H*UfeT^ yBftBB^JtC^VxT6ffi©S/^-T->f 

(k) @g#|## : 2lCgB*LfcTS yMBflJtCfcV^ 6ffi(iDf^f>f >JSS^1z 
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#2 0.0 1-2 5 4 6 3 1 



2a Ay*3i&&(D3rW®l7kmBm(D^mfo 

(i) bb#i## : 2 izmM^f=.T$ smmmz&^x 6&<d*/xt<< y&&#7 

=y — y\Z, 1 4 6&tf)S/*-5M U 2 5 6 S/^-f >3SS# 

(m) SB^J## : 2 (CiB«b&7^ ygfcBB#I££^T 6&©£/*7M >&2#7 

(n) |B#J## : 2 tC|a*0fer^ /M^RCfcV^ 6&tf)S/^-f >£§S#7 
^X>{C, 14 6&©^^f^>il^77->lC, 2 5 6&©i/^f>f>)ll 

#au >tc«gi3*iTv^v>f ?a ;^v*xfi*©^iMiii 

[0 0 2 6] 

±fH (a) frb (n) ©gejS#©-5i3, (a) T'^ L 
.^Ttcfev^-ciSv^Kfltt^BPlR^S:^^. (b), (c), (h) , (i), 

(j) , (k) fcckt>* (m) x-mLf^mmt. mm&mKMis-c-m^m&zB 

■to (d) , (f) , (g) , (1) (n) T'^Lfc^M^tt. 

[0 0 2 7] 

Hashimoto-Gotoh, T. et al. (1995) Gene 152, 271-275, Zoller, MJ, and Smi 
th, M.(1983) Methods Enzymol. 100, 468-500) ^ £M V*Tf£g(^ £ r £: ^T? # 

HffiHiAteg! 2 {C^fpSFR415 Sr^-t -5 AB§^ (JM109(pSFR415) ) , £ J: £>*pSFR426 
£^£AS§®(JM109(pSFR426))£^ftLT^S o KtC#A3*lfcDN 
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[0 0 2 8] 

17>^) E&5fcT*&2 2 4&£/*^>f >&C, J\y±5l^ !K'J^77 (3ltf3f 
7 Ty>f*$) (SWISS : P33677) T*t£2 2 8&£/*^>f >iC, r.^-n^. 

3*?^ (SWISS : NEUFDHA) V\t 2 2 8 $Li; y IC, frt-F^ 

^-^.sp. lOlfi* (SWISS : P33160) X'lZ 2 5 5 ftLi/T.^j ^fCfB^f 3 D 

6 & ^ ^ ^ > mmmmit. fs© m^ksim k & ^ r & ^# £ n t=. mm x & 

»J, M/U*^- F^X (Pseudomonas) sp. 101ffi5fc (SWISS : P33160) T'te 
1 4 5&S/*-x--f >{Cffi^-r-g> 0 (Appl. Microbiol. Biotechnol. 44, 479-483 
,1995) „ rtle>l5B^Ia^lg^cfev^T : baJ^^4#Mfi53EM^c<kS3c3B^CJ:oT, M 
ft £ [pJlb 3 1± £ , £ «fc / * l*^«R&& ic «fc s f Tf§5 

o 

[0 0 2 9] 
[0 0 3 0] 

f^DNA$:, ^ ^ - (C}f A t & ^ i: J; o T #$! $ S ^riE*i 

M§^H##83!^ * % - ZWifc? h „ * * - t^IKi L/ fe^SIEgMfr 

SCI *%K©^Iftfltt*3ll»5flC0^ft&, 

[0 0 3 1] 
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• n U %)*>*7x V # A (Corynebacterium) sp. ST-10 (Appl. Environ. Microb 
iol. 63, 3783-3788, 1997) 

• 3r-V>T I -f # /1^:/S/n (Candida parapsi losis) IFO 1396 (#^^ 07 
-231785) 

• T )\>flV >f%7>. a-hD77^ (Alcaligenes eutrophus) N9A (J. Bacterio 
1. 170, 5248-5256, 1988) 

• ^T^t^ T" y (Comamonas terrigena) (Biochim. Biophys. Acta 661 
, 74-86, 1981) 

• ^fth'J^A ^r^>T r 'l' (Geotrichum candidum) IFO 4597 (*f#4W 01- 
27715) 

(Hansenula ofunaensis) AKU 4328 (J. Biosci. 

Bioeng. 88, 148-152 ,1999) 

• y^b-r-fT I^D^U (Nocardia erythropol is) ATCC 4277 (Appl. E 
nviron., Microbiol. 61, 3729-3722, 1995) 

• JiJ^-r^T ~7T^i3 (Nocardia fusca) 

• \Z*7 (Pichia) sp. NRRL-Y-11328 (J. Appl. Biochem. 3, 218-232 , 1981 

) 

• S/a.- K^-*-:* (Pseudomonas) sp. PED (ATCC 49794) (US 5385833) 
•0h*3»;*^ X 'J ^ n 'J 7. (Rhodococcus erythropol is) DSM 743 (J. Bio 
techno 1. 33, 283-292, 1994) 

• nYlvft?* X'J^D/K'J^ (Rhodococcus erythropol is) (Reel. Trav. C 
him. Pays-Bas 115,239-243, 1996) 

• D K V ^ — F^"^ - ^ ^7iD^f^ (Rhodopseudomonas sphaeroides) (Tet 



ffill#2 001-3110445 



#2001—25463 1 



rahedron Asym. 4, 1259-1269, 1993) 

• ^;i/7tO;U VJV7T$VJ]7> (Sulfolobus solfataricus) MT-4 (Biotec 
hnol. Lett. 13, 31-34, 1991) 

• tf^r 7 J y^y^TJ % (Pichia finlandica) DSM 70280 (WO 01/61014) 

[0 0 3 2] 

iz & v ^ t *mm*m&m<z>&m<b. & «t / * r=. irM^mm & s -& 

£DNA, feJ:tf/*fel±ja7C»^S:n- K"TSDNA * # - tC <fc »J 
£ § S «JT* £ tl ««FtClWR5 $ *x& V *fflj:5 ft^SIESI^ £ <fc TfWiMK 

[0 0 3 3] 

• Ij/i U HT(Escherichia)M, (Baci 1 lus)M, K^"*"* (Pseu 
domonas)^, "fe 7 (Serratia)J|> ^btfA'^f'J # A (Brevibacter ium)M> 
=r 'J ^y^f 'J -f Kt A (Corynebacterium)M, h h n ry # ^ (Streptococcu 
s)M, h A^-^xCLactobacillusJM^^^i^^^ ^-^(Z)^#§SnTVN-5 

/flffl is 

• D K=r y (Rhodococcus)M, 7s h U :/ h V>f -fe ^ (Streptomyces) j|§^CD?i 

• if^^nv^f-fe^ (Sacchar omyces) H, ^^-Y^nv^fiZ^CKl uy veromyces) ^ 
, y-tr ^ nv-Y -fe^. (Schizosacchar omyces)^, *f- rf-tf- y # □ v'^f -fe X (Zygo 
saccharomyces)M. "V n ^ 7 (Yarrow i a) Jfg,. h U >tfn > (Trichosporon) M 
, □ F*3tflJ W A(Rhodosporidium)M, (Pichia)M, 3f ^ > ^ # (Can 
dida)JR^<Z)?§£^ *-&(Dffl$&-£ft~C^Z>Bm 

• J -4 UT.iHs'y (Neurospora)M. 7 7^)1/^ (Aspergi 1 lus) j|§, t77D7, 
jtf U ?A(Cephalosporium)M, b V nf^l/V (Tr ichoderma^^Oft^^ * - 
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[0 0 3 4] 

VXfT$Z.£ifi'T*g& (m*.&. Sambrook^, ^l/3f^-- V U - -> >f \ Co 
Id Spring Harbor Laboratories) „ $[£%Sfl£|*Jft E fC£ ^T, *3%m<£>*rM 

wtiitm&ma&mft&fc^ as £ t* / * & nmftmmm^ & mm s * * & #> tc 

'\##§BJ3cDDNA£:2gAU ^©jafcftSRfcJE^ • SIRS**. ^cD£#)fCte, £ 

WTflMB-TSi £##J£>*lT^£ ^D^E-*-, *-#-£fflVN£„ rti 

L-T&, Adv. Biochem. Eng. 43, 75-102 (1990), Yeast 8, 423-488 (1992), 
[0 0 3 5] 

XS/x U HTM, H&lZizMM^is U tr." 3 U (Escherichia coli)lc£^T 
«, K^##-£ LT, Mx.tfpBR, pUC^:/^*^ K&5flJ lac( 

<3 9 V i/ trp(S U ^h77>^D», tac, trc (lac, trp<D 

'H7-5; PL, PR^lCE5^t--5^'0 ; E-^-^^JMl?^^ 0 
^-^^-^-tLtlt trpAfijR, rrnBU^y-v;i/RNAfi^ 

[0 0 3 6] 

A^I/^JRlCfcV^tt, ^ LTpUBllO^^*^ h\ pC194^>^X 

fe, yn ;: E-^-^feli^-^^-^-^UTapr(T;i/^U^'n^T-^ r )> np 
[0 0 3 7] 
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i/=L- K^E^^MfCaSV^te, Ktt^ • ~f^- # (Pseudomonas putida) 

, i/ a.- K^t^ • "fe A 2/ 7 (Pseudomonas cepacia)^tf)?i£/<? * -^3^Bfi% 

)pKT240^##rJM«rfgT'&3 o ^a^-#-;i;&J;}:#-^*-#-£LTte, U 
A — if (#^¥5-284973) lfi?^ffIMlft6. 
[0 0 3 8] 

#fG^l/t?/1^-r U ?A • 7^ h 77-^ A(Bre 
vibacterium lactofermentum) lefc V>T l±, pAJ43(Gene 39, 281 (1985))^©^ 

[0 0 3 9] 

H'J^y^f'J ^AM, 4#fC=! U *A^-r L> ?A • ^ il A (Corynebacte 

rium glutamicum)tC£V^te, pCSll (#jff!Bg57-183799) , pCB101(Mol. Gen. Gen 
et. 196, 175 (1984)^©^"^X$ K^^^-^JMBTIB^feSo 
[0 0 4 0] 

h L/y h zi y #^(Streptococcus),RiC£V^te, pHV1301 (FEMS Microbiol. 
Lett. 26, 239 (1985), pGKl (Appl. Environ. Microbiol. 50, 94 (1985)) ^ 

[0 0 4 1 ] 

h^;i/*(Lactobacillus)JiilC;i3V^U\ X h h n v ^xMMfClf 
|g$tlfcpAM/3 1 (J. Bacteriol. 137, 614 (1979)) ^ # ftlffi "STfE T? & *K 
^ - # - £ L T :* S§ % T^fJM 3 tl T V ^ S *> <D #ffJJ8 *Tfg T* & £ . 

[0 0 4 2] 

O K=I>y;2j;*(Rhodococcus)MlCfcV^te, n K3>y*^ • □ K ? n ? (Rhod 
ococcus rhodochrous);fr£#l£$;ft£^^ * * -^WJffl"6jfgT*& 3 ( 
J. Gen. Microbiol. 138,1003 (1992) )„ 
[0 0 4 3] 
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7* h h7->f (Streptomyces)MfC £V^Tl£, Hopwood^ ©Genetic Manip 
ulation of Streptomyces: A Laboratory Manual Cold Spring Harbor Laborato 
ries (1985)tC|H«©*?5feK:^oT, 7°^* ^ K SUSSES ZL £.tfT>g S„ 
, V N V>f irx • D (Streptomyces 1 ividans) JC& V^T It, pIJ48 

6 (Mol. Gen. Genet. 203, 468-478, 1986), pKC1064(Gene 103,97-99 (1991) ) 
, pUWL-KS (Gene 165,149-150 (1995) * fc, ^hU^hV-T 

•fe^. • A- £/ — 7 (Streptomyces virginiae) (C £ nWkft^^^K 
/B-r<5^i:#7?^£ (Actinomycetol. 11, 46-53 (1997) ) „ 
[0 0 4 4] 

•fry fin V>f -fe^ (Saccharomyces)M. 4$ JC 1J- V * D V >f -fe • -fe !✓ If 7 X ( 
Saccharomyces cerevisiae) JC£v*Tta, YRp^u YEp^, YCp^t, YIp^T*^ ^ 
KS? ##JM ^Jfg T- & »; , Pi tc # n bf - ^ & U # y - ADNA © ffl [wiM 

frWkX*mm\stz.>( yT-VXs-isny^V %- (EP 537456* if) tt, #3tf- 

ADH(r;b3-^fljt*3R»5R), GAPDH(^u-fe;i/r;i/T i t: k- s - u >BftBt# 

IfclMth PH0(|8f£7#^7T*-^), GAL(£ h£/#-if), PGK(** 

jft^'J-feU- h^-i£), EN0(xy ^-■tf^cDt/n^-tf-JS.fctf*-^ 

[0 0 4 5] 

91?^ /<07^f #iC^7^^D7>f-fe^ • 'yV^r-i X (Kluyveromyces 

lactisJtCfc^Ttt, 1J-y:&nv>f "fe* • tUlft>'7xfi^2/tra^^7^^ K, 
pKDl^y^X^ K (J. Bacteriol. 145, 382-390 (1981)) , dp 9 -fSttlCg^ 
iTSpGKllfijfc^Xi* K, ?^^DV-f l2J*MlC£tt£ gf*TO»£^KARS 

3^^*^ k, u ^y-ADNA^^©^iiiiffi^mx.{ci »;i66#ff»ic>r y^fis 

- h rTIBj&^^^-^^^^'K (EP 537456* if) * if tfjflJJB RTfBT*& £ 0 £ £ 
[0 0 4 6] 

y -9" -y*D7^t^ (Schizosaccharomyces) MfC & i£, ^ y*if 7^H7 

-r-fe^. • 4<>Kft^©ARs (e^«»jc»#"r sai^), fe^tf-t^y^n-r^ -& 
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9 9-&ififflm«It&'V2b& (Mol. Cell. Biol. 6, 80 (1986)) „■ £ fc, S/VMf 
y#DV-fiZ* • #>^fi3femDH^n^-*-fc£#5ftJJST?£.5 (EMBO J. 6, 
729 (1987)) „ #JC, PAUR224&, ^?@5t*^ T^flRS tlT »J ^tCfUMT?!? « 

o 

[0 0 4 7] 

■f - if -9- yAnY'ft (Zygosacchar omyces) {C £ V * T f df+>- »y j& n V >f 
■fe;*. • n^^i/ (Zygosaccharomyces rouxi i) fe$k(0 pSB3 (Nucleic Acids Res. 
13, 4267 (1985)) & £{C fi^tS ^ 9 * 3 K'** * -^tfftlJB RTtBT?* U , i*" 
»;AD7>ft^'tl/Wift* PH05 -7u=E-$-. 33 J: if it -y^nv 
-fir* • n 3f i/ffijfc GAP-Zr(^U -fe;i/T;i/-rtl K~ 3 - U >!8fltt*^»lR)© 
T/n^E-*- (Agri. Biol. Chem. 54, 2521 (1990)) ^#jftJJB"5TflBT?&So 
[0 0 4 8] 

hT3f T(Pichia)M&C£^Tte, l^3f7-7>#;*# (Pichia angusta, [0£ : 
V\>-^3?^ • JftU ^E;i/7 r (Hansenula polymorpha)) V^f§£^ # 

SStfc^ (HARS1, HARS2) fcifljjg Jt'KW^^"?** feft, Sftfe 

#:^\©#nhf--T ^-x^U-S' 3 .Vtf^a&Tf&S (Yeast 7, 431-443 (1991)) 
. £7c, ^ 3? y -;i/fc£-7?^>3*l<5A0X (T;m-;i/^-^ri/^-^) , FDH(3r 

Pichia pastoris)^if{Ctfdrrffi5KS#^(CS9^^Sil^ (PARS1, PARS2) 
^^flJfflLfe^BE^^^-^^TO^tlT^U (Mol. Cell. Biol. 5, 3376 (19 

85)) , mmmmmt* z ; -jiT-mm^mtebomzm^a^-* -mnmx* 

(Nucleic Acids Res. 15, 3859 (1987)) D 
[0 0 4 9] 

3r-V >-xV # (Candida) MtCfc^TteU ^vy^-i # ■ h -ir (Candida ma 
ltosa), 3f-v y^rJ # • ~7)\/\±j] >^ (Candida albicans), *r*?y ; r-< # - hU 
^7 U ^ (Candida tropical is), ^^y^ j • ^^)l>y^ (Candida utilis) ^ 
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# • V^K-"9-*3KARS3^^D- < =.>ysti (Agri. Biol. Chem. 5 
1, 51, 1587 (1987)) , £ft fefUM 0 fc^* # -#IJB3fi3 *lT V*&. 3f-Y 

[0 0 5 0] 

y^^I/^l/XtAspergillusJ/RlC^Tli, TX^Jl^rJlX • — (Asper 
gillus niger) , TX^;i/^r;i/X • (Aspergillus oryzae) ^ft^tftf) 

f!lJ9«rfB , T*&<6 (Trends in Biotechnology 7, 283-287 (1989)) „ 
[0 0 5 1 ] 

h U n^;i/V(Trichoderma)M{C£V 1 >Tte, h U H^l/V • U — "£>f (Trichode 
rma reesei) feffjfli b^V Z tl. BfltfMz;!/^ - ifit^ 

fl^^D^-^ -^E3^ffJMT?^S (Biotechnology 7, 596-603 (1989)) 0 
[0 0 5 2] 

tlTfe'J, #fCg£flJV^.S& (Nature 315, 592-594 (1985)) , MM. b V =6 
[0 0 5 3] 

[0 0 5 4] 

u^r^ k) j^e>NADH (a7c^/s-r.n^->r^ K$?3i# ua-^ k) ££j^-r£# 
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, TKrtFWiTkmmm. tFn^i/iteiii> 7^;ti*iii©ss 

[0 0 5 5] 

, msj* t % icii l e> siit i>.o t *j j: v> 0 ±m^miz&^T*i$& 

[0 0 5 6] 

• (E.C. l.i.i.-) ic<fc 

• *^>S«:iRi:l,t7^fl: K.&^tSiH (E.C. 1.2.1.-) icfcS 

• ^^nfi*S^&i»7cL^^-fijie^S:^fiR'rs»^ (E.C. 1.3.1.- 

C. 1.4.1.-) IZ&ZT hmfrbTS JW.<D$LM 

• Mmmm^mffi£iz.mm$:m\i-t2>z.£.\z£ »j (e.c 

1.14.12.-) iC J:S7M>^?, ^;f-;i/CD£jg 
[0 0 5 7] 

r^T% E.C. l.l.l.- lc#S3*x<5Mi£ LTIt 09j>tliT;i/=i-;i/ffifaMi 
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m. & &x$L-%M8%7kmmm^tfmf <bnz> 0 e.c. 1.2.1.- iz&mzti&mmz. 
its, M^^r^T 1 ^ Fflt7km&m*$tfm'f <bnz> a e.c. 1.3.1.- izftmzn 

2>mmt LTJi, M^.«xy-f;i/-CoA l7cilfej:^77;i/il^il^*^ 
»fe>4x*. E.c.i.4.i.-'»c^lSStiS^i:LTl±, M^.tf73c-;i/7 9->Bl 

mmmm-tfrnifbtiz. e.c. 1.14.2.- iz^m^n^mmtLx^ mx-it^y 

[0 0 5 8] 

&4xi£#fc0MJ±&<, mftft^ftiz, ;\n^fx flfelt £ =1: £>V £ £ « U >^ 

[0 0 5 9] 

mmt^fzmmcommmmitz\ti^<DMi^mizm^ti^^<DX'it^ 
izm l tiiicii $-*fc*(Z)T*So iz w a 

JI#l»lCM:#K?Sf£3!K> h;bx>^(Z)^«iS^«iatC<I:r3Tl|IIllSJK<Z)38iaffiS:3g 
[0 0 6 0] 
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tis. 4-;\o7t hffSi^f^^n^ > H ITU Misfit, a? 
JBv*e>*i*. 4-Anrir hWx^f;i/ffli#fti:ltli, fJAil 2ffi©iltfi 

%o<tt^iis«s:-^tfr;b*Af«i, ism, ^m, svm^&^ntfyz^ftmm 

[0 0 6 1 ] 

#M?S'»Jt LTtt, Mx.lix-n^;i/0T (Aerosol 0T) &JBV>fc>fV 
[0 0 6 2] 

[0 0 6 3] 
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|g 4-60°C, L<tilO-37°C, pH3-ll, L < tepH5-8, gfC«g0.01 

-90%, l< tto.i-3o%t?ff ? z. Mfott-te^&mmyaZfc 

J&lZfflfQ't&m'kK-lt. iSJS^lC&HlCjS&TffilPsSNAD+fc L < «NADH£ 0.001m 
M-lOOmM, ^fiKlt 0.01-10iiM»aD"rSiil*«-e§-5. SfC&H/OT 

[0 0 6 4] 

<fc U *>rC*«5:Bfc5£U f ©ailcWx^jl/, h;bx>^l^^lt 
[0 0 6 5] 

[§£»!!] 

£itfi (Appl. Microbiol. Biotechnol. 44, 479-483 (1995) ) iB«<&^*^ 

k pmcfdh (e-p) &*)*mEi7jtm&m<Dv-'79u--yy&ftvfc. jcmmn 

"7 U-A3|J#0>#S:* n-r-^y-rSfeftJC, ^7^T- MCF-ATG2 (5' - CTTTC 
T-AGAGGAATTCAACCATGGCAAAAGTTCTGTGTGTTC -3' /g2#I## : 3 ) , MCF-TAA3 (5' - 
CAGTCTAGATTAGACCGCTTTTTTGAATTTGGCG -3' /BB#I## : 4 ) &-g-fi£L£ = ^ 
*S K (pMcFDH (E-P) ) S^Millt, PCR (95X3, 45#, 50°C , l£\ 75°C , 7 
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#) #MtV\ #MWfcif*IDNA!5:#fc. # £ *l£DNA$r# £NcoI £ Xbal 

<Dmm<DfflmBmT*nmmfcLt^ 0 p se42od (#p^2ooo-is 

9170) SNcoIfcXhal-e-MtflSU St^"enM^b Ufe PCR Jfipg DNA #r/t£ 
T4 DNA U U PSE-MCF15 £^£„ Zf^XS. KTv^S: 01 (0 

: PSE-MCF15) iC^fo #A DNA WT#©&Mi3#l0>fl¥*f Srf? o f©3- 

&SIJ#l&McFDH-0RF (f2?'J## : 1 ) (C, 81^3- Kf5* 
7^7 ®?»J£McFDH-0RF-p (@H^J## : 2 ) tC^f, 
[0 0 6 6] 

-^-V Iz-A^^StPCR^ n - — yf-t&tcmz^ zf^^ V-KAR-BSG5-3 

(5'- TAATCTAGAGGAATTCAATAATGGATCCAACAATGACGTTTC -3' /BB#I#-f : 5), KAR- 
BSG3 (5'- TAGAAGCTTAAGCTATTAAACGCAAGTGTACCCAC -3' /@B?'J## : 6 L 
£:„ pSE-KARl (#Hg2000-236883) IriSilLt, PCR (95°C , 30#, 50°C , 1^ 
, 75'C, 5#) &30i*->f *;WtV%, #M«J^ififlIDNA$:#^ 0 & e>*lfcDNA»r/T £ 
Xbal, HindIII©2o<Z)iBIISS5^1?ZlM?g'fbOfc. ^IH tfibfcY-f 3;^ 
f'JfA Ay*xfi3fe^|ftffil7fc3Jia*3jl«:^tf^ , 9^^ K PSE-MCF15 £XbaI, Hi 
ndIII©2o©«gRB^T?^bL, ^»^T?Mft0fePCRJfiRgWT^S:T4 DNA >J 

KPSFR415 ^^^^ K pSFR415©W ^SrEf 2 tC^-f. K£ 

^£;*;B§®(JM109(pSFR415)m, ¥fft 1 2^1 1 jf 1 0 BtftfT*#C<Z)i: ? IC^ 

[0 0 6 7] 
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&T£ : 03fc@^«^<tfrp*lTB-l#3#tfiJfc0 6 

(i$<g##305-8566) 
B ¥l£ 12^11^100 

Mlfil 8116f (FERM P-18116) 
[0 0 6 8] 

[HWJ3] T>fn;^f'J^A ^y*xS*^fSftfltt7K3ll»^©PCRJC«fcS 

-f^nv^t^ mfa7'J fi3R<0*^/3K— ;i/3g7c|p^©^3S/<^.*-pSF 
R415£fe£fCLT, Y^fnAi'f'J A«y*xfi*«*iii©6fi0Cy 
s£Ser^\^;L<2>£:#)(£>^^ V-il L.TMCF-ATG3 (5' - CTTTCTAGAGGAATTCAACCAT 
GGCAAAAGTTCTGTCTGTTC -3'/BB^J##.: 7) 256&tf)Cys£Ser/\^;L-5 

McFDH-7mut01 (5' - GTATCCGGTTTGCGACGTCGTGACGCTGAACTCCC 
CGCTGCACCCCGAA -3' /ffl#|## : 8 ) „ McFDH-7mut02 (5' - TTCGGGGTGCAGCGGGGA 
GTTCAGCGTCACGACGTCGCAAACCGGATAC -3' /@E#I## : 9) £-£j£L7c 0 J£A^, 6& 
(DCysZSerizmg&Z-Z £ £C6S£ ^fBi" £ 0 £*l 256&CDCys£Ser 
tC^X.7c^§-£te, C256Sii^fB$tl-5c 
[0 0 6 9] 

>f^X^ KPSFR415 LT, ^7^7- MCF-ATG3, McFDH-7mut02 <Z)-fe 

V h £ itfy^-f V- MCFDH-7mutOU MCF-TAA3tf)-fe «y h IC J: U 1st PCR (94°C , 
30#\ 50°C, 30#, 72°C, 30#, 25it-f^;i/) £??o£„ #&V^T, 1st PCRtCj: 

vmmztifrdMmKZftiW. tg^u y^^rv- mcf-atg3 (@e#j##: 7) , 

MCF-TAA3 (1H^!J#-^ : 4) £#[IX., 2nd PCR (94°C , 30#, 50°C , 301$, 72°C , 3 
0#, 25-9- £?To£„ ^b^^PCRifipS^T^^NcoI, Xbal (D2-D (Dfflmm 

mT*~W.WftLfe 0 PSFR415& NcoL Xbal (Z)2o(£>MI5MiitT* -fiMtt U IW 
iiT*MltL£PCRfiiMl*?T;t£T4 DNA U#-1fT?^MU C6S, C256Stf)^||tf)#A 
£ ft £ =FMi?KiiM i: *;i/^x;i/M^^ £ |W[B#tc2&JH pTfg& ^ 9 x ^ KpSFR 

3 0 ffi£E# 2001-3110445 



#2 0 0 1-2 5 4 6 3,1 



[0 0 7 0] 

C6S, C146S& £tfC256S^M V>f nA^^f U ?A Ay^Jifi*^ 

H56M3T'^^ti^y^x^ K pSFR4ll£%£fcbT, v^a/t^f'J ^ A 

T, McFDH-12F (5'- CGGAAGTCACCTACTCAAACTCGATCAGCGTCG -3' /fB#l#-£ : 1 0 
) , McFDH-12R (5' - CGACGCTGATCGAGTTTGAGTAGGTGACTTCCG -3' /@2#J## : 1 1 
) 

[0 0 7 1] 

^"v^^ KpSFR411S:»S!i: LT, ^7-f7- MCF-ATG3 (fE#l## : 7) , McF 
DH-12R (IB#IS# : 1 1) ©-fey h £ «kUf^^>f V-McFDH-12F (@H#J## : 1 
0) „ MCF-TAA3 (SB#I## : 4) 0>1z y. MC «fc »; 1st PCR (94°C , 30#, 50°C , 3 
0#\ 72°C, 30#, 25-9->f^;b) £?fo£o J^T, 1st PCRIC J: *J ifipIS tlfcDN 
A|fT#£#${> *B-£U MCF-ATG3 (HB#f## : 7) , MCF-TAA3 (BB#J 

#-*§■ : 4) SJUA, 2nd PCR (94°C , 30#, 50°C , 305$,' 72°C , 30#, 25+J--T # 
f^&nfcPCRifdWT^r&NcoI, Xbal <3D2o©MRSas^T?nMM'fb 
Ufc. pSFR411£ Ncol, Xbal <Z)2o ©frjPS^mT'ZlfiM'fb U H»^t??g-fb L 
PCRffi|ig$T;t£T4 DNA 'J^-€l'IgL, C6S, C146S, C256S<7J^M<Z)#A£ ft 
fe^Mftfltt*^»3feh*;i/sK-^7C»3lSS:ra^tC»3EHBriBfe^ , 9X^ KPSFR412 

[0 0 7 2] 

[HSS0H5] C6S, C249S£J:tfC256S^MV-f 3A'^f U ?A A y # x ft # ^ 

"C^&ftfc^* ^ F pSFR41l£*,2ilCLT, •?-fn/^rU7A 

T, MCFDH-13F (5'- GACATGTATCCGGTTTCTGACGTCGTGACGCTG -3' /fB#f## : 1 2 
) , McFDH-13R (5' - CAGCGTCACGACGTCAGAAACCGGATACATGTC -3' /BB^I*-^ : 1 3 
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[0 0 7 3] 

KpSFR411&fi?S!£ IT, :/^>f V-MCF-ATG3 (SJ#J## : 7) , McF 
DH-13R (@B#I#-5§- : 1 3) (Dizy h 33 cfctf^^f V-McFDH-13F (IE#J## : 1 
2) , MCF-TAA3 (SH^JS^ : 4) CD-fey KfC J: »J 1st PCR (94°C , 30#, 50°C , 3 
0#, 72°C, 30#, 25it-f^;i/) &ffot i^T, 1st PCRIC J: *J ff tlfcDN 
ABfT#£#;f*, *il=rU ^7>fY- MCF-ATG3 (@B?!J## : 7) , MCF-TAA3 (fg^rj 
#-£ : 4) £#D;L, 2nd PCR (94°C , 30#, 50°C , 30#, 72°C , 30#, 25-tM # 

sffofc. ^e>tifcPCRjfii6Wf^'S:Ncoi, xbai ©2o (DmmmmviLmmit 

L£„ pSFR411$:NcoI, Xbai (Z)2o©MPW^T?^*Mft U l> £P 

CRififlg^TtfS^ DNAU #-1fT*3SML, C6S, C249S, C256S(Z)^Mtf)#A£ *l£ 
^m7K^a^^;l/^-;^^S7t:^?:|W^^(C|§^^BTtg^^ , ^^^ KPSFR413 5: 

[0 0 7 4] 

[|UfeM6] C6S, C256S£J:t>*C355S^Mv>f n/^f'J Ay^xft^ 

#^4X7t^^X^ K PSFR41 1 5: & £: &C b T , V^nA^f'J^A 
5l5^r^fl^7K^^^©355^OTCys$:Ser^\^^.^^i5b(D^ , ^>r^-^ IT, McFDH-1 
4F (5* - CGAGATCCTGGAGTCATTCTTCGAAGGCCGTCCGA -3' /BB#f## : 14) , McFDH 
-14R (5'- TCGGACGGCCTTCGAAGAATGACTCCAGGATCTCG -3- /f2^J## : 1 5) 

[0 0 7 5] 

KpSFR411fc#g!i: Lt, V-MCF-ATG3 (fg^J## : 7) , McF 

DH-14R (IB#I#-£ : 1 5) (DMv h £ <fc >f V-McFDH-14F (BB#|#-£ : 1 

4) , MCF-TAA3 (PB^!I## : 4) <Z)-fey MCj^jlst PCR (94°C , 30#, 50°C , 3 
0?J>, 72°C, 305$, 25if-f#;i/) £?To£„ $V*T, 1st PCRlCfc »J JfflgS ftfcDN 
A#t#£#f$(, ^^-f*?- MCF-ATG3 (BB#I## : 7) , MCF-TAA3 (fB#J 

: 4) £#Hx., 2nd PCR (94°C , 30©, 50°C , 30#, 72°C , 30#, 25-9- W # 
;b) £?7o£„ ^^tlfePCRJfiplWi^rSrNcoI, Xbai ©2^oMiS»fg"enfi^fc 
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L£„ PSFR411& Ncol, Xbzl02^><DMmmmT*r.nmitL. ^iit'iftbfc. 
PCRJIf $1^^5:14 DNA y#-i?T*5tl£U C6S, C256S, C355S<Z)^M<£>#A£*l 
£ £ * ;i/3K-;i/5S7CiPit £ 1^1 B^C^ ^tg^ -f =y X * K P SFR414 

[0 0 7 6] 

immwn c6A£<tt>*c256s^Mv-f zia^u^a A«^xa^^iM 
mmmomm 

mMWS Vm^tlf=.^^^^ KpSFR41l£%£fCLT, V-f ^ U ? A 7"? 

>y*Xfi^^M7K^^^<Z)6^$:Ala/\^X'2)^«bCD>' , ^-r ^-H LT, MCF-41 
6F (5'- ATGGCAAAAGTTTTAGCTGTTCTTTACGAT -3' /IB#J## : 1 6) , MCF-416R ( 
5'- ATCGTAAAGAACAGCTAAAACTTTTGCCAT -3' /IH^'J^"^ : 17) t #f:/^-fV- 
fcbt, 170F 5'- GGCAAATATTCTGAAATGAGC -3' /gB#I#-5§- : 18), MCF-777R ( 
5'- TCACGACGTCGCAAACCGGA -3' /IE#J#-S§- : 19) L£„ 
[0 0 7 7] 

-J^XS. KpSFR411 IT, ^^>TV-170F : 1 8) , MCF-4 

16R (IB#J## : 1 7) GDi?y h £ <=fc ^^^-f V-MCF-416F (iH^rj## : 1 6) 
, MCF-777R (@2#J## : 1 9) <Z)-fey MCiUlst PCR (94°C , 30#, 50°C , 30 

72°C, 30#, 25if -f^;i/) £?To ifc^T, 1st PCRIC <k U WI£ tlfeDNA 
IfTtfSr^fL Ml^U y^-TT- 170F (IB?(I## : 18), MCF-777R (IB#J# 
19) £#tJX., 2nd PCR (94°C , 30#, 50°C , 30#, 72°C , 30#, 2tt A V 

mbtit-FcmmmftZKtei, Bgin^-zxDmmmmx^mmit^r-. psfr4h 

4 DNA V jf-WMffih. C6A, C256S<73^M®#A£ tlfc ^M*7Kil@Piit £ 

>K-;i/a^^$:isi^{cig^prig^^^^^ kpsfr416£*#£„ m^nt=.^^^ 

[0 0 7 8] 
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^»J3T*#^tl^^5^^ KpSFR411$:%;h(CLT, 7>f ^ 
y *xfi*^fSftfltt*3S»3R©6teS:Val/\^A'6fc«)©^ , 9>r V-i: UT, MCF-41 
7F (5'- ATGGCAAAAGTTTTAGTAGTTCTTTACGAT -3' /gE#J## : 20) , MCF-417R ( 
5'- ATCGTAAAGAACTACTAAAACTTTTGCCAT -3' /BJ#|## : 2 l)&-^J^bfe. 
[0 0 7 9] 

y^*^ FpSFR411^M^ l/t, ^^-TV-170F (@B#J#-S§- : 1 8) , MCF-4 
17R (@B#J## : 2 1) CD-fe^y 1*33 <fctf^>f V-MCF-417F (BJ#I## : 2 0) 
„ MCF-777R (@B?!J## : 1 9) (£>-fey Mc «fc »J 1st PCR (94°C , 30#. 50°C , 30 

72°C, 30#, 25it >f#;i/) &fro&'o &^T, 1st PCRJC«k tlfeDNA 
W^S:#3W, ffi^U 170F (fB^J## :18), MCF-777R (fE#J# 

# : 1 9) 2nd PCR (94°C , 30#\ 50°C , 30#, 72°C , 30#. 25it>f ^ 

^^tlfePCRiflpS^^Nhel, BglII<A2o<D0J|5»iitT'Z:fiMft L £ 0 PSFR411 
SrNhel, BglII(D2o(Z)M|5S@lifiT^«M<t U H»ltTMfb bfcPCRif*gWT#&T 
4 DNA D #—fefT*^MU C6V, C256S©^M®#A34X^^rM7K^^^*;i/ 
#-;i/£^MtS:|fm»c&^tBfc:/9:*$ KpSFR417£#£ 0 #£>*i£^* 

[0 0 8 0] 

[HS£M 9 ] C6Sfe«J:tPC256A^^V-r nA^-rV V b> #xffi3fe:?BftIB# 

^SfeM3 T'^tlfc^;^ KpSFR41l£t;£iCLT, 7^3A^f'J9A A 
y ^rxft^^rm7K^^^©256^$:Ala/\^x.^^«?)(D^ , ^-r It, MCF- 

418F (5' - GTGACGCTGAACGCTCCGCTGCACCCC -3' /HB#I## : 22) , MCF-418R (5 
'- GGGGTGCAGCGGAGCGTTCAGCGTCAC -3' /f2#l## : 2 3) Lfc„ 
[0 0 8 1 ] 

KpSFR411$:£gM£ L/T, :7 9 -f V - MCF-ATG3 (IJ#J## : 7) , MCF 
-418R (gB?'J## : 2 3) (DMv h 33 cfctfv^-f V- MCF-4 18F (BE : 2 2 

) , MCF-TAA3 (BB^J#-g- : 4) (DMv MCiUlst PCR (94°C , 30#, 50°C , 30 
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72°C, 30^\ 25if-T^;i/) £*To£o M^T, 1st PCRiC J: U if tI2 ft £DNA 
ifr#£»L liltrU y^-TV- MCF-ATG3 (gB#I#-5f : 7) , MCF-TAA3 (MM 
## : 4) 2nd PCR (94°C , 30#\ 50°C , 30#, 72°C , 30ipJ\ 25-tf--f # 

#tb*l£PCRlfittI|!fft#£:BglII, Xbal ©2otf)ffl»i§-e ZLM^-fb L fe= PSFR41 

l^rBgin, xb*i<D2-D<DfflmBmT'-mmfci>. mmmxmitLtz.pcmmm}i^ 

T4 DNAU JS-HX-mffiL. C6S, C256A(Z)^Mtf>#A£ *l£ ^rMttfciliSNjl £ 
^-;i/S^c^S:|sI^{C#§^ortg^^"^^^ KpSFR418£#£ 0 n^fttz.-?^ * 

[0 0 8 2] 

[^»J10] C6S^3 s fc'0 { C256V^M , v'-f n/^^^U A y # X E&5fc^M 

^mmm^mm 

T^^tlfe^^^^ KpSFR41l£*;£{CbT, Y^fn/^fU^A A 
^^Xffi5f5^H^^^^(7)256^^Val/\^x.-g>^5?)(D^ , ^-rv-il It, MCF- 
419F (5' - GTGACGCTGAACGTTCCGCTGCACCCC -3' /fE#l#-*§- : 24) , MCF-419R (5 
GGGGTGCAGCGGAACGTTCAGCGTCAC -3' /IB#J## : 2 5)£-&J&L£:o 
[0 0 8 3] 

KpSFR41l££IM£: It, :/^>f V-MCF-ATG3 (IB»# : 7) , MCF 
-418R (I2#I#-^ : 2 3) CD -fey h £ cfc £>*^ -f V-MCF-418F (IB#J#-^ : 2 2 
) , MCF-TAA3 (@B#|## : 4) (DiZ y MC«fc*Jlst PCR (94^, 30#, 50°C , 30 
>J\ 72°C, 305$, 25-V-J9fr) Srffofc. i^T, 1st PCRIC J: »; JfipIS ftfcDNA 
Wf^&#3K, M-^U y^>fT- MCF-ATG3 (HJ?U## : 7) , MCF-TAA3 (BgflJ 
#-*§•: 4) £#D7L, 2nd PCR (94°C , 30#, 50°C , 30#\ 72°C , 30#, 25-tf">f # 

b£ D pSFR41l£BglII, XbaI02-3CDMP»^T'Zlfim^L, mmmT'ffiltlstcP 
CRmmmn^TA DNA 'J#-i£T?5gjjigU C6S, C256VC«M©#A2*l£3 ? M 

^^^i:^;l,7K-;^S^:^^ : S:llINF^c58^ipI|g^^ , ^^^ KpSFR419 
Lt=. a 
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[0 0 8 4] 

HkW2T?«^ibfcpSFR415S:BglII, BsrBRI©2o©iS![K»^"eM'fbL/, X# 
y -;i/«fcJ8H, 7#n-;*«^$clfrS:?fV^ Jf$6kbp tf> A > K £ & U Sepha 
glas BandPrep (Amersham Pharmacia Biotechgg) lC<£U¥tig, ®lRL/fe= HJg 
W4tfibfe pSFR412£BglII, BsrBRI©2o<Z)MPiBSS^T?^fc X#y-;i/ 
ttJRffe, TrtU-xm^mZft^. $j0.4kbp (DAy KSr^UffiU Sephaglas 
BandPrep (Amersham Pharmacia Biotech^) iC^yftSI, EHKl/fc. ^DNA^rJt 
'&*gSmol 1*oig-£U T4 DNAU;ff— fefT?jgj!gU C146S^H<Z)#A£ ftfc 
^^^^j;i/^-;i/^5t:S^$:|sf^{C^igBTtg^^^^^ KPSFR420 & 

fc. ' • 

[0 0 8 5] 

[^»J12 ] C256S^Mv-f nA^^U Ay #xfi5fc^M7KiiMtcD 

^J6W2 -e«£gLfcpSFR415&lUuI, BsrBRI ©2o CD MISSES •(? Mfb U x# y 
-;i/tfcJK«, 7#n-;*S^$cgft£m\ «jl.5kbp©/1> KSr-WUmb, Sephag 
las BandPrep (Amersham Pharmacia Biotech^) IZ^^MM. EUKb£: 0 HifeM 
4T'i^lfc pSFR412&MluI, BsrBRI ©2-3 (BfWI&I»iltT?flt'fb U x#y-;i/£fc 
I8#U 7#a-*«^SSr$:fiV, ^J4.8kbp ®;^KS«y|fJU Sephaglas B 
andPrep .(Amersham Pharmacia Biotech^) &C<fc*;it§g, tU4Xb^ 0 f^DNA^f # £ 
^mol-foiB-^U T4 DNAU^-ifT'^L, C256S^Mtf>^A2 tltc =FBftHB*5Jt 

mmt* Ji#-jimrtmmzmmz$sm~zjffite-f5 * $ kpsfr42i&#£ 0 

o 

[0 0 8 6] 

CHJ6M13] C146S& J;^C256S^Mv-f ny^f'J #A Ay ^xffijRdflft 
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mn&Mzvmmvit psfr415&miui, Bgiii<D2-D(DMmmmT°ffifcL. x#y 

-;i/tfcJ8ffe, y#n-*tt^CMf£?TV\ *&1.3kbp©A> KSr^jyfflL, Sephag 
las BandPrep (Amersham Pharmacia Biotech^) ICfcUJftJSf, M$LLf=. a MMM 
4T?«^LfepSFR412&MluI, BgH ICD2o<DfU|5SMT-Mfb U X#7-;i/tfcJg 
tl v 7#D-*®£C8cl&&*TV^ *&5.1kbp©^> K£-9JUffiU Sephaglas Band 
Prep (Amersham Pharmacia Biotech^) £ <fc »J fflSU EUKLfc. MDNA^r/t £^m 
ol^O^U T4 DNAU 3**gU C146S, C256S^G)»AStlfe^rB»ffil 

#^tife^^A^ K©&gBe#l©Mr&f?t\ '^##A2.*iTv^z:i:&flSi8 
[ 0 "0 8 7 ] 

llffiflf 2^*35 LfcpSFR415<S:MluI, BglII©2o©MP«i§T*}mb U . X# y 
-;i/tfcJ8ffc> T;ffn-*«J^tfr$:fi : VV Jftl.3kbp ©/S^KSr^JUfflU Sepha 
glas BandPrep (Amersham Pharmacia Biotech^) IZ&VW$$1> MULfc. 
IlOtiibfc pSFR419£MluI, Bgl 1 1(02-0 0>«ff|gas^T??ii<fb U X#y-;i, 
ifc*Rlfe»' Ttfn-^^ci&fcfTW jj$5.1kbp K£3J»J ffi U Sephaglas 

BandPrep (Amersham Pharmacia Biotech^) tC«fc»J3(i|g, ETlRUfc. MDNA$t# 
Sr^fmol-roM^L, T4 DNA U#--fcf«MU C256VggM©#AStlfc^gftfltt 
H it A x ;i/3g7C#3(i & H£ tC «TfB :7 ^ KPSFR423 % # tz. o 

[0 0 8 8] 

[HSfcMl 5] C146S££tK256V^Mv-f II^^U ?A A'y^xgf^g? 

HJ6#5 2T?*a5LfepSFR415S:MluI, Bgl I lCO2o©0Ji5g^T'^b x#y 
-;i/tfcJR«, - 7#n-*«jiC*S&S:f?V>, #&1.3kbp ©y^F^^JKU Sepha 
glas BandPrep (Amersham Pharmacia Biotechgg) \Z «fc V WM. tUiRL&o HI 
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W4T?*^LfcpSFR4125:BglIK BsrBRI(D2o<Z)$m@PiSiT*M'ffc U 
tfcJSfL 7#n-.XS&&!&S:ffV^ 7^0.4kbp © A> K *J ffi U Sephaglas 
BandPrep (Amersham Pharmacia Biotech^) ICiyjftSSU EUlXL^o 1 
0T'#glL£: pSFR419&MluI, BsrBRI<D2'D<DfflmWM'V$Mt U X* y -;i/$fc 
JRfSL 7#n-*S&8cS&&fTV^ $t4.7kbp ffl/\*> KI:«'Jffib. Sephaglas B 
andPrep (Amersham Pharmacia Biotech§g) fCckyfilL [IJilXL£o MDNA$t# £ 
^molTo^L, T4 DNAU#--fefT*^U C146S, C256V^M©^A$ nfe^f 
Bftfltt*3lS»3Sfc*;i/^->5g7C»3!l«:l^^»C«3lBriB^^ , 9^^ FpSFR424 

[0 0 8 9] 

C6A£J;tfC256V^#|V-f □Ai'fU A y ^fi^Mi 

HflSffil7'T?«^L/fepSFR416S:MluI, Bgl I lC02o ©MIS^sRT'M'fb U x* J 
-JIVlM^ 7#n-;*S5C»S&3:*?V^ jftl.3kbp (DJi> Kfc^UffiU Sepha 
glas BandPrep (Amersham Pharmacia Biotech|g) (C J: U ffif§g, HJl&L/fc,, 
M 1 -0T?fliilbfepSFR419S:MluI, Bgl I I©2otf)$lJ|$g@|iitT'iM U 
SfcJRffcv 7#n-X«^clfr£:?fVN, ^5.1kb P ffly^K^'JffiU Sephaglas 
BandPrep (Amersham Pharmacia Biotech^) JC J: »j JfitfSU EURUfc. ^DNA^tK" 
£^mol-f o*i-£U T4 DNA U if T*»M U C6A, C256V^Htf)2gA3 tlfc 
Bftfltt*3g»3gfc*;b^->n/a^»3jlS:l^«ftC^3aBr|g«s^9^^ KpSFR425 

[0 0 9 0] 

[|OfeMl7] C6A. C146S33 <fct>*C256V^M^-f U 

HSfeM7T'^bfe pSFR416£M'luI, BglII©2o<Z)flI|5»^T'M'fb U 
-;i/tfcJ8tfc, r^fn-^S$C»SfrS:ffV^ ifal.3kbp ©A>h^f 'Jffllv Sepha 
glas BandPrep (Amersham Pharmacia Biotech§g) (C «fc U 2ff§g, ®lKl/£: 0 #CVn 
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T% r«SSbfcpSFR412&BslIK BsrBRI<Z)2o<D0J|5Mit-eM{fcU X 

^y-^/itJe^ T#n-*^C»i&&f?V^ #5jO.4kbp0)A:/ K£3J*J tttU Se 
phaglas BandPrep (Amersham Pharmacia Biotechgg) «fc y JffifJS, EJJRbfcc $ 
b{C«Ml Ot'fiUfc pSFR419£MluK BsrBRI<D2o©0Mg|igT*mfl: U 
x*/-;i/ifcjgffc, y#n-*«^fcl&£?TV\ ifft4.7kbpcD/\*> fflU. 
Sephaglas BandPrep (Amersham Pharmacia Biotech^) {C J; *J HIlRbfeo 
lSDNAWr^r&^Bol-roSB-&b, T4 DNA'J #--£T*3®MU C6A, C146S, C256V^ 

StlTWSZlt&ffltlgbfe. #^9*^ K£W"t3*M(JM109(pSFR426))W; > 
^1 2^1 1H 1 0 0f5f^^.©«fce>tC^ftbfc o 
[0 0 9 1] 

fetife: H*ffl«0<iOTlT.ei#3^*f 6 
(#^#-^■305-8566) 
B 12^11^100 
Sflt## 18117#(FE RM P-181 17) 

[0 0 9 2] 

IMMWl 8] C6A, C146A, C256Vg£M V >f Ay^xfijR^SJ 

H»J1 5 T'^^tlfc-^^^^ K pSFR426S:=bi:lCbT, T^nA^r'Jfi* 

CF-427F (@S#J#-*f : 26) , MCF-427R (IB^J^ : 27) S:#J*bfcc 

[0 0 9 3] 
MCF-427F (IB#I#-i§- : 2 6 ) 
GAAGTCACCTACGCTAACTCGATCAGC 
MCF-427R (MB^(J## : 27) 
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GCTGATCGAGTTAGCGTAGGTGACTTC 
[0 0 9 4] 

-f*?*^ KpSFR426£^M£l IT, 7 =y 4 V - MCF-ATG3 (fE#J#-5§- : 7) , MCF 
-427R (BB#l#-£ : 2 7) <D U y h £ £ tfy^-f V-MCF-427F (fB?(J#-5§- : 26 
) , MCF-TAA3 (lE^IS^ : 4) ©-fe y MC J: »J 1st PCR (94°C , 30#. 50°C , 30 
#, 72 ,, C, 60#, 25-9-^^;!/) $:^ofe 0 M^T, 1st PCRJC J: U ififlg£ >l £DNA 
®T#£#f^ *i-£b, ^7^7- MCF-ATG3 (IB#J## : 7) , MCF-TAA3 (ffi^J 
: 4) £#[J;L, 2nd PCR (94°C , 30#. 50°C , 30#, 72°C , 60£K 25i^-Y # 

#£*l£PCRiiffigi$T>t£:BglII, Xbal (D2o(Z)MIS»^T'ZlSM'f(: b fc. 

P SFR426£ BgUI, Xbal ©2o<Z)f{II5S^T' 0, H»3RTf Mffc bfePCR 
iffg^T^$:T4 DNA U #-if T?3S*g U C6A, C146A, C256V£>^M£>#A2 tlfc 3r 
m*Mm^^;i/^-;i/iS5riM$:|Hl^lC|§Ji«r|g^^^X^ K P SFR427 £f# 

'.ffltlSb'fe. 

[0 0 9 5] 

[H»Ji9] v^/^f'J^A ;ty^xfiMMliii:^7^^ 

^^^^^ Ktc «fc ^c]»aw3ll0ttcS:^S«Slbfe. ^*i^*itf>ffllA.*fl§® 
£$t#igJ6i (1% /^hb'JVhX 0.5% /t*M##x*;*, 1.0% h U 

J^TLB^ifc) ICffi^b, 30°CT'^^#b^^, <4V7U\* 
7^htf5;i/K (^T> IPTG) Sr^flnU S fclcigSibfc. ffiflc&iS4MHIIlC 
i l Jim 0.02% 2-^;b^y hx# y iomM ^vyVT^yT-Vym 

mm^± h U Vl^Z^tl lOOmM U^iA'J^AIM (pH 7.0) CMb, ffi 

W^;SWM#iSfiucD-200TM a- SO km^xz&ffiWM-t & z. tx 
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A>7MA(DW7l\Z. Bio-Rad Protein Assay Kit (Bio-Rad §g) ^MV^MI^L 
tc a ^m#>A°^ft£ Bovine Plasma Albuminfejg V^„ ^fl^*.*® 

[0 0 9 6 ] 



U/mg-protein 





F 6-Cys 


146-Cys 256-Cys 


FDH 


ECAA-R 


PSFR415 


Cys 


Cys 


[Cys] 


1.46 


1.99 


PSFR412 


*Ser* 


*Ser* 


*Ser* 


0.127 


2.15 


PSFR416 


#Ala# 


Cys 


*Ser* 


0.751 


1.85 


PSFR417 


=Val = 


Cys 


*Ser* 


0.659 


1.56 


PSFR418 


*Ser* 


Cys 


#Ala# 


0.193 


1.35 


PSFR419 


*Ser* 


Cys 


=Val = 


0.258 


1.18 


PSFR420 


Cys 


*Ser* 


[Cys] 


1.22 


2.68 


PSFR421 


Cys 


Cys 


*Ser* 


1.40 


2.61 


PSFR422 


Cys 


*Ser* 


*Ser* 


0.960 


4.35 


PSFR423 


Cys 


Cys 


=Val = 


1.47 


2.08 


PSFR424 


Cys 


*Ser* 


=Val = 


0.967 


2.13 


PSFR425 


#Ala# 


Cys 


=Val = 


1.16 


2.05 


PSFR426 


#Ala# 


*Ser* 


=Val = 


0.716 


1.66 


PSFR427 


#Ala# 


#Ala# 


=Val = 


0.311 


1.51 



[0 0 9 7] 

^7^^<D7^t^ 7i^fi7 U &ltelJ}V#—)imfbmm<Dffi'\i*: ECAA-R 
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[0 0 9 8] 

e>tlfe#*I#l^.a©=¥iftfl8*^i»5lll0mU, 20 /a mo 1 4-^Dn7t 
, lOOmM U^^^'J^Aiil (pH 7.0) 33«fctf * ^A^gStflOOitigtCfcS <fc 
e>tCBovine albumin (Fraction V, Sigma^) ^:^ti^W.^V25°C , 2O£"0£ff^ 
, 2.5/zmol NAD+, 100/imol ^gftfr Mj # A SrflU;*., 340nm©lg^g<Z)g£'ffcg& 

V^f^T% 25°C, 20yiimol 4-^DD7t h»Xf ;k 2.5^mol N 

AD+, lOOfinol^Wt-f- h U ^A&fltlX., 340nm(D®3 I £SO^b* $rM^i"-5 ^ T* 

[0099] 

3f£©g#$gi£&ratiolCa*LT&5 0 256&(Z)Cys£Ser, Ala, VaUc^X.£i£ 

[0 10 0] 
[^2] 



Zf^XS. K 6-Cys 146-Cys 256-Cys ratio 



PSFR415 


Cys 


Cys 


[Cys] 


[7.43%] 


PSFR412 


*Ser* 


*Ser* 


*Ser* 


116% 


PSFR416 


#Ala# 


Cys 


*Ser* 


97.4% 


PSFR417 


=Val = 


Cys 


*Ser* 


92.1% 


PSFR418 


*Ser* 


Cys 


#Ala# 


120% 


PSFR419 


*Ser* 


Cys 


=Val = 


94.0% 


PSFR420 


Cys 


*Ser* 


[Cys] 


[7.67%] 


PSFR421 


Cys 


Cys 


*Ser* 


99.3% 
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PSFR422 


Cys 


*Ser* 


*Ser* 


118% 


PSFR423 


Cys 


Cys 


=Val = 


100% 


PSFR424 


Cys 


*Ser* 


=Val = 


104% 


PSFR425 


#Ala# 


Cys 


=Val = 


94.5% 


PSFR426 


#Ala# 


*Ser* 


=Val = 


108% 


PSFR427 


#Ala# 


#Ala# 


=Val = 


106% 



[0101] 

*rM$%7kmmm <d mm x * n, \z. & & t&m t a> mm. & mm x ^ » & t?&#-e 
'mm^mm^^mr=.mmm(Dmm^ji^rx'(Dmmm'\i.^m3izBv 

tc a 146&©Cys£Ser, Ala&C^*_ 3 3 £fC i o T, Wxf ;i/{Ci:§™W 

[0102] 
[S3] 



K 6-Cys 146-Cys 256-Cys ratio 



PSFR415 


Cys 


Cys 


[Cys] 


121% 


PSFR412 


*Ser* 


*Ser* 


*Ser* 


[225%] 


PSFR416 


#Ala# 


Cys 


*Ser* 


109% 


PSFR417 


=Val = 


Cys 


*Ser* 


105% 


PSFR418 


*Ser* 


Cys 


#Ala# 


125% 


PSFR419 


*Ser* 


Cys 


=Val = 


110% 


PSFR420 


Cys 


*Ser* 


[Cys] 


[181%] 


PSFR421 


Cys 


Cys 


*Ser* 


125% 


PSFR422 


Cys 


*Ser* 


*Ser* 


[224%] 
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PSFR423 


Cys 


Cys 


=Val = 


111% 


PSFR424 


Cys 


*Ser* 


=Val = 


[185%] 


PSFR425 


#Ala# 


Cys 


=Val = 


111% 


PSFR426 


#Ala# 


*Ser* 


=Val = 


[208%] 


PSFR427 


#Ala# 


#Ala# 


=Val = 


[219%] 



[0103] 

immm2 2] (s) -4-*nn-3-fcKn*S/Hift 

K(c j: ^m^m^nt=.^mm^nom^mi^LBmm\^mm^. 3o°c 

(2% A 9 h,h>;yh>, 1% /t* h-##x**, 1.0% 
Mth'J^A, PH 7.2) (Cjg^U 30°CT*if«fg#^, IPTG&S&fl&U 2 <b 

f#£*l£*fl§®£ii®U r^^rffl 4 - * □ n Tiz bmWt^fr 

[0104] 

m*?K20i>LJ: »JHSgLfc#^l!&||, 500mM'J >|ft*U ^A«Sf?R (pH 6.3) , 3 
XHnnrtMSif^, 365mM¥^-t- h U i7A£^&20mL<DM/£$t£, If 

ffi it 3000 5%, jfifls ^n^y;b>^ W (60-80mesh) AW-DMCS (Thermon 300 
0 5% chromosorb W60-80 (AW-DMCS) , fBftJflDXflfci^ft:) 5:3.2mm x 2.1m;tf^ 
^■^AtC^U ^J^AMS150°CT', *i^^^>fttffi^ (FID) fcfUffi b 

fc^^n-7h^57>f-i:j:ygibfe. #*«*.;«®{c££ (s) -4-?n 

KO=¥i/B}|ftx^;i/<3!)^j^SS:^4 JC^Ofc. 6&<Z)Cys£Ser, Ala, Val 
, 146&<E>Cys£Ser\ Ala, 256&£>Cys&Ser, Ala, VaUc^x. £ ^ il T*, ^g&^I 

[0 10 5] 
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F 6-Cys 


146-Cys 


256-Cys 


g/L 


PSFR415 


Cys 


Cys 


[Cys] 


17.5 


PSFR412 


*Ser* 


*Ser* 


*Ser* 


24.5 


PSFR416 


#Ala# 


Cys ' 


*Ser* 


25.8 


PSFR417 


=Val = 


Cys 


*Ser* 


25.2 


PSFR418 


*Ser* 


Cys 


#Ala# 


22.4 


PSFR419 


*Ser* 


Cys 


=Val = 


25.5 


PSFR420 


Cys 


*Ser* 


[Cys] 


19.1 


PSFR421 


Cys 


Cys 


*Ser* 


30.5 


PSFR422 


Cys 


*Ser* 


*Ser* 


25.5 


PSFR423 


Cys 


Cys 


=Val = 


30.6 


PSFR424 


Cys 


*Ser* 


=Val = 


31.0 


PSFR425 


#Ala# 


Cys 


=Val = 


29.6 


PSFR426 


#Ala# 


*Ser* 


=Val = 


32.2 


PSFR427 


#Ala# 


#Ala# 


=Val = 


27.7 



[0 10 6] 

it $ n & * mmynm&mv mm<b-£>m@k £ *i *mme>&m zmm •? & ^ n iz 

[0107] 
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SEQUENCE LISTING 
<110> DAICEL CHEMICAL INDUSTRIES, LTD. 

<120> Mutant of formate dehydrogenase derived from Mycobacterium 
vaccae, and use thereof. 

<130> D1-A0011Y1 

<140> 
<141> 

<150> JP 2000-363894 
<151> 2000-11-29 

<160> 27 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 1206 
<212> DNA 

<213> Mycobacterium vaccae 
<400> 1 

atggcaaaag ttctgtgtgt tctttacgat gatccggtcg acggctaccc gaagacctat 60 
gcccgcgacg atcttccgaa gatcgaccac tatccgggcg gccagatctt gccgacgccg 120 
aaggccatcg acttcacgcc cgggcagttg ctcggctccg tctccggcga gctcggcctg 180 
cgaccatatc tcgagtccaa cggccacacc ctggtcgtga cctccgacaa ggacggcccc 240 
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gactcggtgt tcgagcgcga gctggtcgat 
ccggcctatc tgacgcccga gcgcatcgcc 
gccggcatcg gttccgacca cgtcgatctt 
gcggaagtca cctactgcaa ctcgatcagc 
tcgctggtgc gcaactatct gccctcgcac 
gccgactgcg tctcccacgc ctacgacctc 
ggccgcatcg gtctcgcggt gctgcgccgt 
accgaccgtc accgcctgcc ggaatcggtc 
acccgcgagg acatgtatcc ggtttgcgac 
gaaaccgagc acatgatcaa tgacgagacg 
gtcaacaccg cccgcggcaa gctgtgcgac 
ggccggctgg ccggctatgc cggcgacgtg 
ccctggcgga cgatgcccta taacggcatg 
gcgcaggcgc gttatgcggc gggcacccgc 
ccgatccgcg acgaatacct catcgtgcag 
tcctactcga agggcaatgc caccggcggt 
gtctaa 



gcggatgtcg tcatctccca gcccttctgg 300 
aaggccaaga acctgaagct cgcgctcacc 360 
cagtcggcta tcgaccgcaa cgtcaccgtg 420 
gtcgccgagc atgtggtgat gatgatcctg 480 
gaatgggcgc ggaagggcgg ctggaacatc 540 
gaggcgatgc atgtcggcac cgtggccgcc 600 
ctggcgccgt tcgacgtgca cctgcactac 660 
gagaaggagc tcaacctcac ctggcacgcg 720 
gtggtgacgc tgaactgccc gctgcacccc 780 
ctgaagctgt tcaagcgtgg cgcctacatc 840 
cgcgatgccg tggcacgtgc gctcgaatcc 900 
tggttcccgc agccggcgcc gaaggaccac 960 
accccgcaca tctccggcac cacgctgacc 1020 
gagatcctgg agtgcttctt cgagggccgt 1080 
ggcggcgctc ttgccggcac cggcgcgcat 1140 
tcggaagagg ccgccaaatt caaaaaagcg 1200 

1206 



<210> 2 

<211> 401 • 
<212> PRT 

<213> Mycobacterium vaccae 
<400> 2 

Met Ala Lys Val Leu Cys Val Leu Tyr Asp Asp Pro Val Asp Gly Tyr 
15 10 15 



Pro Lys Thr Tyr Ala Arg Asp Asp Leu Pro Lys 

4 7 



He Asp His Tyr Pro 

ffiH#2 001-3110445 
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20 25 30 

Gly Gly Gin lie Leu Pro Thr Pro Lys Ala He Asp Phe Thr Pro Gly 

35 40 45 

Gin Leu Leu Gly Ser Val Ser Gly Glu Leu Gly Leu Arg Pro Tyr Leu 

50 55 60 

Glu Ser Asn Gly His Thr Leu Val Val Thr Ser Asp Lys Asp Gly Pro 

65 70 75 80 

Asp Ser Val Phe Glu Arg Glu Leu Val Asp Ala Asp Val Val He Ser 

85 90 95 

Gin Pro Phe Trp Pro Ala Tyr Leu Thr Pro Glu Arg He Ala Lys Ala 
100 105 110 

Lys Asn Leu Lys Leu Ala Leu Thr Ala Gly lie Gly Ser Asp His Val 

115 120 125 

f 

Asp Leu Gin Ser Ala lie Asp Arg Asn Val Thr Val Ala Glu Val Thr 

130 135 140 

Tyr Cys Asn Ser lie Ser Val Ala Glu His Val Val Met Met He Leu 
145 150 155 160 

Ser Leu Val Arg Asn Tyr Leu Pro Ser His Glu Trp Ala Arg Lys Gly 
165 170 175 
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Gly Trp Asn lie Ala Asp Cys Val Ser His Ala Tyr. Asp Leu Glu Ala 

180 185 190 

Met His Val Gly Thr Val Ala Ala Gly Arg lie Gly Leu Ala Val Leu 

195 200 205 

Arg Arg Leu Ala Pro Phe Asp Val His Leu His Tyr Thr Asp Arg His 

210 215 220 

Arg Leu Pro Glu Ser Val Glu Lys Glu Leu Asn Leu Thr Trp His Ala 

225 230 235 240 

Thr Arg Glu Asp Met Tyr Pro Val Cys Asp Val Val Thr Leu Asn Cys 

245 250 255 

Pro Leu His Pro Glu Thr Glu His Met lie Asn Asp Glu Thr Leu Lys 

260 265 270 

Leu Phe Lys Arg Gly Ala Tyr lie Val Asn Thr Ala Arg Gly Lys Leu 

275 280 285 

Cys Asp Arg Asp Ala Val Ala Arg Ala Leu Glu Ser Gly Arg Leu Ala 

290 295 300 

Gly Tyr Ala Gly Asp Val Trp Phe Pro Gin Pro Ala Pro Lys Asp His 

305 310 315 320 

Pro Trp Arg Thr Met Pro Tyr Asn Gly Met Thr Pro His He Ser Gly 

325 330 335 

4 9 ffil^20 0 1-3 11044 5 
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Thr Thr Leu Thr Ala Gin Ala Arg Tyr Ala Ala Gly Thr Arg Glu lie 

340 345 350 

Leu Glu Cys Phe Phe Glu Gly Arg Pro He Arg Asp Glu Tyr Leu He 

355 360 365 

Val Gin Gly Gly Ala Leu Ala Gly Thr Gly Ala His Ser Tyr Ser Lys 

370 375 380 

Gly Asn Ala Thr Gly Gly Ser Glu Glu Ala Ala Lys Phe Lys Lys Ala 

385 390 395 400 

Val 



<210> 3 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: an artificially 
synthesized primer sequence 

<400> 3 

ctttctagag gaattcaacc atggcaaaag ttctgtgtgt tc 42 
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<210> 4 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequenceran artificially 
synthesized primer sequence 

<400> 4 

cagtctagat tagaccgctt ttttgaattt ggcg 34 



<210> 5 

<211> 42 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequenceran artificially 
synthesized primer sequence 

<400> 5 

taatctagag gaattcaata atggatccaa caatgacgtt tc 42 



<210> 6 
<211> 35 
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<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence:an artificiall 
synthesized primer sequence 

<400> 6 

tagaagctta agctattaaa cgcaagtgta cccac 

<210> 7 
<211> 42 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequenceran artificiall 
synthesized primer sequence 

<400> 7 

ctttctagag gaattcaacc atggcaaaag ttctgtctgt tc 

<210> 8 

<211> 49 

<212> DNA 

<213> Artificial Sequence 



#2 0 0 1 -2 5.4 6 3 1 



<220> 

<223> Description of Artificial Sequenceian artificially 
synthesized primer sequence 

<400> 8 

gtatccggtt tgcgacgtcg tgacgctgaa ctccccgctg caccccgaa 49 



<210> 9 
<211> 49 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequenceian artificially 
synthesized primer sequence 

<400> 9 

ttcggggtgc agcggggagt tcagcgtcac gacgtcgcaa accggatac 49 

<210> 10 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequenceran artificially 
synthesized primer sequence 
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<400> 10 

cggaagtcac ctactcaaac tcgatcagcg teg 

<210> 11 
<211> 33 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence:an artificial 1 
synthesized primer sequence 

<400> 11 

egaegctgat cgagtttgag taggtgactt ccg 

<210> 12 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:an artificial 1 
synthesized primer sequence 

<400> 12 

gacatgtatc cggtttctga cgtcgtgacg ctg 



#2001—254631 



<210> 13 
<211> 33 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence:an artificially 
synthesized primer sequence 



<400> 13 

cagcgtcacg acgtcagaaa ccggatacat gtc 33 



<210> 14 
<211> 35 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence:an artificially 
synthesized primer sequence 

<400> 14 

cgagatcctg gagtcattct tcgaaggccg tccga 35 



<210> 15 



5 5 ffi§E#2 0 0 1 - 3 1 1 0 4 4 5 



#2001—254631 



<211> 35 
<212> DNA 

<213> Artificial Sequence 

of Artificial Sequence:an artificially 
primer sequence 

<400> 15 

tcggacggcc ttcgaagaat gactccagga tctcg 35 

<210> 16 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence:an artificially 
synthesized primer sequence 

<400> 16 

atggcaaaag ttttagctgt tctttacgat 30 



<220> 

<223> Description 
synthesized 



<210> 17 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequenceran 
synthesized primer sequence 

<400> 17 

atcgtaaaga acagctaaaa cttttgccat 

<210> 18 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequenceran 
synthesized primer sequence 

<400> 18 

ggcaaatatt ctgaaatgag c 

<210> 19 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequenceran 

5 7 



artificially 

30 



artificial ly 

21 



artificial ly 
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synthesized primer sequence 
<400> 19 

tcacgacgtc gcaaaccgga 

<210> 20 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequenceian 
synthesized primer sequence 

<400> 20 

atggcaaaag ttttagtagt tctttacgat 

<210> 21 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:an 
synthesized primer sequence 

<400> 21 

5 8 



20 



artificial ly 



30 



artificial ly 
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atcgtaaaga actactaaaa cttttgccat 



30 



<210> 22 
<211> 27 
<212> DM 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence:an artificially 
synthesized primer sequence 

<400> 22 

gtgacgctga acgctccgct gcacccc 27 

<210> 23 
<211> 27 
,<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:an artificially 
synthesized primer sequence 



<400> 23 



ggggtgcagc ggagcgttca gcgtcac 



27 



5 9 
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<210> 24 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:an 
synthesized primer sequence 

<400> 24 

gtgacgctga acgttccgct gcacccc 

<210> 25 
<211> 27 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequencecan 
synthesized primer sequence 

<400> 25 

ggggtgcagc ggaacgttca gcgtcac 

<210> 26 
<211> 27 
<212> DNA 

<213> Artificial Sequence 

6 0 



artif icial ly 



27 



artificially 



27 
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<220> 

<223> Description of Artificial Sequence:an artificiall 
synthesized primer sequence 

<400> 26 

gaagtcacct acgctaactc gatcagc 

<210> 27 
<211> 27 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: an artificiall 
synthesized primer sequence 

<400> 27 

gctgatcgag ttagcgtagg tgacttc 

[Ml] -f^XS. KpSE-MCFlSCDfltjSSr^-rBfefeS. 
[Bf2] ^"^X^ KpSFR415CD*t5S&^-rBf-e&S 0 
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Nco I 




Hind III 
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